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. Relative expression levels (where known) for biomarker/cell combinations. groups are partially shielded by the PEG2k groups but do not completely prevent non-specific binding. However, the presence of the antibody on the QD conjugates almost completely prevents non-specific binding, presumably by steric exclusion ( Figure S6 ). From the surface area of the lipid coated QDs (620 nm 2 ) and the average of 3 FcγRI/Abs per QD, we estimate an average spacing between FcγRI/Ab sites of 15 nm. Similarly, 88 NTA/Ni sites per QD corresponds to an average spacing of about 3 nm. The average spacing between PEG2k groups is also expected to be about 3 nm. Since the hydrodynamic size of PEG2k is about 2 nm. Therefore, the lipid composition provides a balance between PEG coating to provide stability in water, and access to the NTA/Ni groups for coupling the histag-FcγRI groups. The PEG groups provide sufficient steric screening of the NTA/Ni groups to minimize non-specific binding. Since they are relatively large, the 3 antibodies further minimize interactions between the NTA/Ni groups and the cell surface. The distribution of fluorescence intensity on Panc-1 cells for the lipid coated QDs shows several discrete peaks up to relatively high intensity (> 500 per pixel). Note that the frequency is about two orders of magnitude lower than the signal in the targeting experiments. For QD-FcR conjugates, the number and frequency of higher intensity peaks decreases. This suggests that steric screening of the Ni(II) groups may be responsible for reduced aggregation. After preincubation of Panc-1 cells with free anti-CLDN4 and subsequent incubation with QD-FcR-Ab conjugates, the number of high intensity peaks is negligible and there is a very small amount of fluorescence above the background.
Physical chemistry of lipid functionalization

Critical Steps in the Protocol
• Lipid encapsulation of QDs. Water solubilization of QDs was achieved by lipid encapsulation with MHPC, DSPE-PEG2k, and DOGS-NTA-Ni. From studies of different ratios of lipids we determined an optimum mole ratio of 8:1:1 (MHPC : DSPE-PEG2k : DOGS-NTA-Ni). The excess of lipids (compared to the amount needed to form an outer leaflet on all QDs) was found to be important to achieve high yield and reproducible results. An excess of 7 was used for all experiments reported here. AN excess less than 7 usually resulted in aggregation and low yield.
Filtration was done using 100 nm and 200 nm syringe filters prior to characterization measurements and targeting experiments.
• FcR and Ab conjugation. All conjugations of QDs to FcRs and Abs were performed in buffer with pH 7 -8. The highest affinity between the histidine and the transition metal (Ni) is achieved at pH 8. It is important to ensure the particles maintain monodispersity (filtration and DLS measurement) after each conjugation step.
• FcR-Ab:QD Ratio. Experiments were performed with FcγRI-Ab:QD ratios of up to 10:1.
Reliable results were obtained with a ratio ≥ 3:1. Since the ratio represents the average number of Abs per QD, it is likely that a ratio of about 3:1 is required to ensure that there is a least one Ab on most of the QDs.
• Fixing. Fixation is a critical step in targeting experiments. 3.7% formaldehyde (buffered with PBS, pH 7.4) was used for cell fixation. Fixation for 15 minutes at room temperature was done to preserve both cellular morphology and antigenicity. Careful exchange of buffers is required since cells are sensitive to surface tension before fixation. Under-fixation results in poor morphological preservation and over-fixation may result in modification of the amino acids that are part of an epitope and can block an antibody from binding to it. Permeabilization was not required for the localization of a cell surface proteins or antigens associated with the extracellular matrix.
• Immunostaining. After fixing, cells were pre-blocked for 1 -2 hours with horse serum. The cells were cultured in a 500 µL well and hence 20 minutes was sufficient for staining. Longer • Fluorescence imaging. To measure the expression level of cell surface biomarkers, after mounting the fixed and stained cells on the microscope, the focus was adjusted to maximize the intensity from the membrane on the top of the cell. For cells that spread on the dish, the focal plane was close to the surface of the dish, whereas for cells that do not spread or cells that form clusters, the focal plane was slightly higher above the surface of the dish. However, all images were obtained using the same microscope settings.
• Biomarker Saturation. To ensure that all biomakers are saturated, control experiments involve incubating selected cell lines with different concentrations of QD-Ab conjugates. The onset of a plateau region at high concentrations indicates saturation and allows determination of the expression level.
Lipid functionalization of QDs
The concentration of the QDs in chloroform was determined from the absorbance at 350 nm using Beer's Law (A = εlc) and an extinction coefficient ε = 1.44 x 10 26 x r 3 (cm 2 mol -1 ). After washing in hexane, the QDs were transferred to chloroform by precipitating with methanol, dried under vacuum, and re-suspended in 4 mL of chloroform at a concentration 30 to 40 mg mL -1 .
The QDs in chloroform were water solubilized by forming an outer lipid layer consisting of a single acyl chain lipid to accommodate the high curvature, a double acyl chain phospholipid with a terminal PEG group for stability, and a double acyl chain phospholipid with a terminal Ni/NTA for antibody conjugation group. for MHPC. [2] [3] [4] Assuming that the lipid composition in the outer leaflet on the QDs is the same as in bulk solution, then each QD has 821 MHPC molecules, 88 DSPE-PEG2k, and 88 DOGS-NTA-Ni.
